
t 



I United States Patent and Trademark OFRrr.r 



APPLICATION NO. 
09/499,037 

20277 



FILING DATE 
02/07/2000 



7590 



06/19/2003 

MCDERMOTT WILL & EMERY 
600 13TH STREET, N.W 
WASHINGTON, DC 20005-3096 



FIR ST NAMED INV ENTOR 
Kazuhiro Aihara 



SSf ^kHAKTMKNT OF COMMERCE " 

a J! ,tec * 5! ates Patent and Trademark Office 

Address: COMMISSIONER FOR PATENTS 

r.u. Box 1450 

Alexandria, Vuginia 223 1 3- 1 450 
www.uspto.gov 



| ATTO RNEY DOCKE T NO. 
49657-551 



CONFIRMATION NO. 
9656 



EXAMINER 



MONDT, JOHANNES P 



ART UNIT 



PAPER NUMBER 



2826 

DATE MAILED: 06/19/2003 



Please find below and/or attached an Office 



communication concerning this application or proceeding. 



PTO-90C (Rev. 07-01) 



Office Action Summary 



Application No. 

09/499,037 



Examiner 

Johannes P Mondt 



Applicant(s) 

AIHARA ETAL 



Art Unit 

2826 



A — ~ I ^ lig " l| ga 1 IVIUI1UI 2826 

Period fo7 Rep^'""" " C ° mmUniCat,on °" cover sheet with the correspondence aLress ~ 

■ af^Sr^ - noevent. noW5 ve, maya r ep ly be timer, «,ed 

: 

- Failure to repty wfthin the set or extended period for rep^T^^ ^I^° m * he mailin 9 da,e ° f this ^munication. 

- Any reply received by the Office later than toree months arte the 2ZZ^^ AMI,0NED (35 U.S.C. § 133). 
earned patent term adjustment. See 37 CFR 1 TOMM 9 communication, even if timely filed, may reduce Iny 

Status 

1)13 Responsive to communication^) filed on 12 March 2003 . 
2a)D This action is FINAL 2b)EI This action is non-final 

4)IS Claim(s) M6 is/are pending in the application. 

4a) Of the above claim(s) is/are withdrawn from consideration. 

5M Claim(s) 3 z 6j4and16 is/are allowed. 

6) 121 Claim(s) rjj-i3ancf_75 is/are rejected. 

7) Q Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement 

Application Papers 

9) Q The specification is objected to by the Examiner. 

10)Q The drawing(s) filed on is/are: a) D accepted or b)D objected to by the Examiner 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 85(a) 

The proposed drawing correction filed on is: a)D approved b)D disapproved bythe Examiner 

If approved, corrected drawings are required in reply to this Office action. 

12) D The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. §§ 119 and 120 

13) 13 Ackn °wledgment is made of a claim forforeign priority under 35 U.S.C. § 119(a)-(d) or (f) 
| a)ElAII b)D Some*c)D None of: 

1 -IS! Certified copies of the priority documents have been received. 

2. Q Certified copies of the priority documents have been received in Application No. . 

3. D Copies of the certified copies of the priority documents have been received in this National Staoe 

application from the International Bureau (PCT Rule 17 2(a)) national Stage 

See the attached detailed Office action for a list of the certified copies not received 

14) D Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § ! 19(e) (to a provisions application) 

1 wn liT Th p e !, ranslation of tne forei 9 n ,an 9 ua °-e Provisional application has been received 

15) U Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121 

Attachment(s) 

1) E Notice of References Cited (PTO-892) A , n , 4 

2) □ Notice of Draftsperson's Patent Drawing Review (PTO-948) 5 H ^ZZfT^JVV^ " 

3) □ information Disc.osure Statement(s) (PTO-!^) Paper No(s) . 6 J □ 0 T r ^ APP ' iCati ° n (PTO " 152) 



Office Action Summary 



Part of Paper No. 19 



Application/Control Number: 09/499,037 
Art Unit: 2826 ' ge 2 

DETAILED ACTION 
Continued Examination Under 37 CFR 1.1U 

1. A request for continued examination under 37 CFR 1.1 14, including the fee set 
forth in 37 CFR 1 1 7(e), was filed in this application after final rejection. Since this 
application is eligible for continued examination under 37 CFR 1 . 1 1 4, and the fee set 
forth in 37 CFR 1.17(e) has been timely paid, the finality of the previous Office action 
has been withdrawn pursuant to 37 CFR 1.114. Applicant's submission filed on 
03/12/03 has been entered as Paper No. 17. 

Response to Amendment 
Amendment D filed 03/12/03 has been entered as Paper No. 18 and forms the 
basis of this Office Action. 

Response to Arguments 

2. Applicant's arguments filed in Amendment D have been fully considered but they 
are not fully persuasive. In particular: 

While the 1 12 rejections can be withdrawn, regarding Applicant's traverse of 
examiner's statement that the work function of tantalum nitride inherently is greater than 
4.95 eV, the documents included in Applicant's Amendment D do not support 
Applicant's thesis for said traverse. In particular, the text by Goto et al is unacceptable 
at least because of its unpublished nature, while the publication by B.R. Rogers, Thin 
Solid Films, Volume 408, pp. 87-96 (2002) reinforces the examiner's opinion, because 
for the pure tantalum nitride surface a value of 5. 1 5 eV for its work function is cited (cf. 
Table 2) while the sputtered surface has a different work function because it is no longer 
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pure tantalum nitride, but instead also contains aluminum (Al) (cf. section 4: 
"Discussion", in particular pp. 93-94, and Table 2), and hence is aluminum tantalum 
nitride instead of tantalum nitride. Furthermore, in addition to the already cited patent by 
Liang the examiner also herewith cites Barnak et al (US 2002/0008257 A1). Both 
Rogers and Barnak et al do not qualify under 35 U.S.C. 1 02 or 103 as prior art in view 
of their recent dates of publication and the early date of Applicant's filing. However, 
neither is a citation as prior art the objective, because given a material structure the 
work function is well defined. 



Claim Rejections - 35 USC § 102 

3. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

The changes made to 35 U.S.C. 102(e) by the American Inventors Protection Act of 
1999 (AlPA) and the Intellectual Property and High Techno.ogy Technical Amendments Act of 
2002 do not apply when the reference is a U.S. patent resulting directly or indirectly from an 
international application filed before November 29, 2000. Therefore, the prior art date of the 
reference is determined under 35 U.S.C. 102(e) prior to the amendment by the AlPA (pre-AlPA 
35 U.S.C. 102(e)). 
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1 . Claims 1, 7-9 and 15 are rejected under 35 U.S.C. 1 02(e) as being anticipated 
by Choietal (6,168,991 B1). 

Orc claim 1: Choi et al teach a semiconductor device, comprising: a contact plug 
including a tungsten film 14 (cf. column 4, lines 3-10) in an upper portion of the contact 
plug, formed on a semiconductor substrate (dielectric layer 19 (cf. column 3, lines 43- 
44) is formed over the field effect transistor which is inherently formed on a 
semiconductor substrate, in this case inter alia through HDP (cf. column 3, lines 52-57) 
which is understood to involve formation on a semiconductor wafer); a storage electrode 
20 (cf. column 4, lines 38-56) including a tantalum nitride film serving as a barrier 
against copper migration into the capacitor dielectric film 22, said tantalum nitride film 
being formed on and contacting an upper surface of said tungsten film; a capacitor 
dielectric film 22 (cf. column 4, lines 57-67) including a tantalum oxide film (cf. column 4, 
line 67) formed on and contacting an upper surface of said tantalum nitride film; a cell 
plate electrode 26 (cf. column 5, lines 20-33) including a tantalum nitride film (cf. 
abstract, sixth sentence) formed on and contacting an upper surface of said tantalum 
oxide film. Values for the work function in excess of 4.95 eV, - see in particular a 
statement that the work function of a tantalum nitride layer is 5.41 eV (cf. Liang et al 
(6,130,123), column 5, lines 26-28), are inherent for tantalum nitride films. Reports of 
the value of the work function may differ slightly, but a material that is characterized by 
its constitution has a given work function. The value of the work function of a tantalum 
nitride layer is simply a consequence of its constitution, as said value is a property of 
the structure of the tantalum nitride. 
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On claims 8-9: inherently the work function of the tantalum nitride film of claim 1 
as anticipated by Choi is 5.41 eV. 

On claim 15: the limitations of claim 1 5 are included in those of claim 1 . 

2. Claims 2 and 10-12 are rejected under 35 U.S.C. 1 02(e) as being anticipated by 
Choi et al (6,168,991 B1). Please be referred to Figure 8. Choi et al teach a 
semiconductor device (cf. Field of Invention, column 1, lines 16-20), comprising: a 
storage electrode 20 (cf. column 4, lines 38-56) including a first tantalum nitride film (cf. 
column 4, line 39) formed over a semiconductor substrate (dielectric layer 10 (cf. 
column 3, lines 43^4) is formed over the field effect transistor which is inherently 
formed on a semiconductor substrate, in this case through HDP (cf. column 3, lines 52- 
57) which is understood to involve formation on a semiconductor wafer); a capacitor 
dielectric film 22 (cf. column 4, lines 57-67) including a tantalum oxide film (cf. column 4, 
lines 65-67) formed on and contacting an upper surface of said first tantalum nitride film; 
a cell plate electrode 26 (cf. column 5, lines 20-33) including a second tantalum nitride 
film (cf. abstract, sixth sentence) formed on and contacting an upper surface of said 
tantalum oxide film; and a copper film 28/30 (cf. column 5, lines 60-65 and column 6, 
lines 18-21 ) formed on and contacting an upper surface of said second tantalum film. 
Values for the work function in excess of 4.95 eV are inherent for tantalum nitride 
electrode films (see Liang et al (6,130,123), column 5, lines 26-30). See Liang et al 
(6,130,123), column 5, lines 26-30). In conclusion, Choi et al anticipate claim 2. 



Application/Control Number: 09/499,037 
Art Unit: 2826 ' Page 6 

With regard to claims 10-12: the work function of the tantalum nitride film of claim 
1 as anticipated by Choi is 5.41 eV. 



Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

4. Cairn 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over Choi et 
al (6,168,991 B1) in view of Kook et al (6,008,123). As detailed above, claim 1 is 
anticipated by Choi et al. Choi et al do not necessarily teach the further limitation as 
defined by claim 13. However, it would have been obvious to include said further 
limitation in view of Kook et al who teach the inclusion of a titanium / titanium nitride 
barrier layer 51 0 (cf. col. 5, lines 1 0-20) at the bottom of the tungsten contact plug 520 
(cf. col. 5, lines 3-40) for the specific purpose to provide a tungsten diffusion barrier, i.e., 
so as to prevent the tungsten in the contact plug and the underlying semiconductor 
source and drain regions (cf. col. 3, lines 29^5) (see Figure 5). Motivation to include the 
teaching in this regard by Kook et al is the prevention of the diffusion of tungsten away 
from where it is needed (namely: in the contact plug). Combination of the teaching with 
the invention by Choi et al is straightforward by PVD and conventional processes as 
indicated by Kook et a. (cf. col. 5, lines 15-21). Success of the implementation of said 
combination can therefore be reasonably expected. 
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. Allowable Subject Matter 
5. Claims 3-6, U and 16 are allowed. The following is a statement of reasons for 
the indication of allowable subject matter the invention by Kang (6,21 1 ,005 B1) has a 
strontium bismuth tantalum oxide layer included in the capacitor dielectric film that 
otherwise satisfies the limitations of claim 3, and hence also that part of the limitations 
of claims 4 and 5 that are identical with claim 3. However, it is not obvious to replace 
said strontium bismuth tantalum oxide with tantalum oxide, because ferroelectric 
materials such as strontium bismuth tantalum oxide have the advantage over tantalum 
oxide (including T a2 0 5 ) as dielectric material in a capacitor for a DRAM of having a 
higher dielectric constant. Claim 6 depends on claim 5 and also was disclosed. Claim 
14 depends on claim 3 and is disclosed. 

Other art of interest such as Summerfeldt et al (5,612,574) (Form PTO-892) does 
not teach direct contact between tantalum nitride layer 22 (cf. col. 4, line 5) and 
tungsten film 20 (cf. col. 3, line 45) because of an intervening adhesion layer 26 made 
of "titanium, tantalum, ruthenium or other suitable material", nor do Summerfeldt et al 
teach that the cel. p.ate electrode can also be made of indium oxide. The latter omission 
to teach indium oxide for the cell plate electrode means that claim 16 is allowable. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Johannes P Mondt whose telephone number is 703- 
306-0531 . The examiner can normally be reached on 8:00 - 18:00. 
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If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nathan J Flynn can be reached on 703-308-6601 . The fax phone numbers 
for the organization where this application or proceeding is assigned are 703-308-7722 
for regular communications and 703-308-7724 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the receptionist whose telephone number is 703-308- 



0956. 



JPM 

June 15, 2003 



Minhloan Iran 
Primary Examiner 
Art Unit 2826 



